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In the title complex, [Pr 2 (C204)3(H 2 0)4]„, the two indepen- 
dent Pr m ions are both nine-coordinated in a distorted 
monocapped square-antiprismatic geometry by seven O atoms 
from four oxalate ligands and two water molecules. The Pr m 
ions are bridged by the oxalate ligands, forming a layer 
parallel to (001). O— H- ■ O hydrogen bonds connect the 
layers. 

Related literature 

For the structures and potential applications of lanthanide 
complexes, see: Ma et al. (2001); Shibasaki & Yoshikawa 
(2002); Song et al. (2012). 




Experimental 

Crystal data 

[Pr 2 (C 2 0 4 ) 3 (H 2 0) 4 ] 
M, = 617.94 
Orthorhombic, Pl^l^ 
a = 8.6358 (17) A 
b = 9.5356 (19) A 
c = 16.885 (3) A 



V = 1390.4 (5) A J 
Z = 4 

Mo Ka radiation 
jtt = 7.02 mm -1 
T = 293 K 

0.23 x 0.22 x 0.20 mm 



Data collection 

Rigaku Mercury CCD 
diffractometer 

Absorption correction: multi-scan 
(CrystalClear: Rigaku, 2002) 
r mi „ = 0.295, r m „ = 0.334 

Refinement 

R[F 2 > 2a(F 2 )] = 0.029 

wR(F 2 ) = 0.072 

S = 1.04 

3181 reflections 

217 parameters 

H-atom parameters constrained 



Table 1 

Hydrogen-bond geometry (A, °). 



13654 measured reflections 
3181 independent reflections 
2826 reflections with I > 2a(I) 
R<„, = 0.047 



Ap max = 1.34 e A ' 3 

Apmin = -1.44 e A 3 

Absolute structure: Flack (1983), 

1344 Friedel pairs 
Flack parameter: 0.49 (3) 
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154 
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2.16 


2.865 (6) 


140 


04W-H8W- ■ 09 v 


0.85 


2.04 
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Symmetry codes: (i) x +\ 


-y + 1 -z; 


ii) 


+ |, — z; (iii) x- 


f 1, y, z; (iv) 


-X + 1, y - |, -z + 1; (v) X - 


-1, -y + h-z 


(vi) x — I, y, 


z. 





Data collection: CrystalClear (Rigaku, 2002); cell refinement 
CrystalClear; data reduction: CrystalStructure (Rigaku/MSC, 2002) 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
molecular graphics: ORTEPII (Johnson, 1976); software used to 
prepare material for publication: SHELXL97. 

The authors acknowledge Pingdingshan University for 
supporting this work. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HY2521). 
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Comment 

During the past decade, considerable efforts have been devoted to the design and construction of new lanthanide 
coordination polymers due to their intriguing structural diversity and potential applications in many areas (Ma et ah, 
2001; Shibasaki & Yoshikawa, 2002; Song et ah, 2012). Oxalate owning four carboxylate O atoms is highly accessible to 
lanthanide ions to form novel structures. 

As shown in Fig. 1, in the asymmetric unit of the title complex, there are two independent Pr 111 ions with a similar 
coordination environment. Each Pr m ion is nine-coordinated by seven O atoms from four oxalate ligands and two O 
atoms from two terminal water molecules. The Prl and Pr2 atoms are bridged by two carboxylate O atoms, forming a 
V^Oi subunit with a Pr - Pr distance of 4.2893 (7) A. Such subunits are connected by the oxalate ligands, generating a 
layer parallel to (0 0 1). It is noted that the oxalate ligands exhibit two kinds of coordination modes: one adopts a bis- 
bidentate coordination mode bridging two Pr ra ions; the other adopts a chelating and bridging coordination mode 
connecting three Pr m ions. The adjacent layers are further linked into a three-dimensional network via intermolecular O — 
H— O hydrogen bonds (Table 1). 

Experimental 

A mixture of Pr(N0 3 )3-6H 2 0 (0.5 mmol, 0.217 g) and oxalic acid (1 mmol, 0.09 g) in 10 ml of H 2 0 was sealed in an 
autoclave equipped with a Teflon liner (30 ml) and then heated to 453 K for 4 days. After gradual cooling to room 
temperature, crystals were obtained and collected by filtration with a yield of 31% based on Pr. 

Refinement 

H atoms of water molecules were located in a difference Fourier map and refined as riding, with O — H = 0.85 A and with 
t/iso(H) = 1.5t/ eq (0). The highest residual electron density was found at 0.82 A from Prl atom and the deepest hole at 0.80 
A from Pr2 atom. 

Computing details 

Data collection: CrystalClear (Rigaku, 2002); cell refinement: CrystalClear (Rigaku, 2002); data reduction: 
CrystalStructure (Rigaku/MSC, 2002); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) 
used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEPII (Johnson, 1976); software used to 
prepare material for publication: SHELXL97 (Sheldrick, 2008). 
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Figure 1 

The asymmetric unit of the title compound. Displacement ellipsoids are drawn at the 30% probability level. H atoms are 
omitted for clarity. [Symmetry codes: (i) x, y+l, z; (ii) -x+\,y-V2, -z+1/2; (iii) x-\,y-\,z; (iv) -x,y+l/2, -z+1/2.] 

Poly[tetraaquabis(j/3-oxalato- K 5 0\0 2 :O v :O v r 0 2 )(fj 2 - oxalate- k*0\0 2 .O v ,0 2 )dipraseodymium(lll)] 



Crystal data 

[Pr 2 (C 2 0 4 ) 3 (H 2 0) 4 ] 
M r = 617.94 
Orthorhombic, P2i2i2i 
Hall symbol: P 2ac 2ab 
a = 8.6358 (17) A 
b = 9.5356 (19) A 
c= 16.885 (3) A 
V= 1390.4 (5) A 3 
Z = 4 



F(000)= 1160 

D x = 2.952 Mgm 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 3600 reflections 

(9= 1.4-28.0° 

ju = 7.02 mirT 1 

7=293 K 

Block, green 

0.23 x 0.22 x 0.20 mm 
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Data collection 

Rigaku Mercury CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co scans 

Absorption correction: multi-scan 

(CrystalClear; Rigaku, 2002) 
T mm = 0.295, r max = 0.334 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F> > l^F 2 )] = 0.029 

wRiF 2 ) = 0.072 

S = 1.04 

3181 reflections 

217 parameters 

0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



13654 measured reflections 
3181 independent reflections 
2826 reflections with / > 2a(I) 
tf ht = 0.047 

$max 27.4 , $ m in 3.2 

h = -9— >11 
/fc = -12->12 
/ = -21-»21 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 2 ) + (0.0284P) 2 + 3.201P] 

where P = (F 2 + 2F 2 )/3 
(A/o-) max = 0.001 
Ay9 max = 1.34 e A" 3 
Ap min = -1.44e A" 3 

Absolute structure: Flack (1983), 1344 Friedel 
pairs 

Flack parameter: 0.49 (3) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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0.0791 (2) 
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Atomic 


displacement parameters (A 2 ) 
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144.08 (15) 
132.68 (13) 
134.42 (14) 
139.87 (15) 
70.32 (14) 
92.21 (13) 
75.20 (14) 
76.29 (15) 

63.73 (12) 
131.05 (14) 
150.63 (14) 
131.37(13) 
81.29(14) 
83.38 (13) 
64.69 (12) 



09— Pr2— 010 

03 W— Pr2— 010 
04— Pr2— 010 

04 W— Pr2— 010 
Oil™— Pr2— 01 0 
08"'— Pr2— 07'" 

03— Pr2— 07"' 

09— Pr2— 07"' 
03W— Pr2— 07"' 

04— Pr2— 07"' 
04W— Pr2— 07"' 
011 ,v — Pr2— 07"' 

010— Pr2— 07"' 
CI— 01— Prl 
C2— 02— Prl 
CI— 03— Pr2 
C2— 04— Pr2 
C3— 05— Prl 
C4— 06— Prl 
C4— 07— Prl v 
C4— 07— Pr2 vi 
Prl v — 07— Pr2 vl 
C3— 08— Pr2 vi 
C5— 09— Pr2 
C6— 010— Pr2 
C6— Oil— Pr2 v " 
C6— Oil— Prl™" 
Pr2 v "— Oil— Prl™ 
C5— 012— Prl™' 



63.55 (13) 

132.08 (14) 
140.82 (14) 

139.42 (14) 
85.07 (13) 
65.29 (13) 
142.48(15) 
117.55 (13) 
127.34 (15) 

128.43 (13) 
69.05 (14) 
69.21 (11) 
70.88 (13) 
119.7(4) 

119.9 (4) 
121.5 (4) 
118.6(4) 
123.9 (4) 
119.1 (3) 
130.3 (3) 
116.5 (3) 
112.19(14) 

122.8 (3) 

121.3 (4) 

120.4 (3) 
134.4 (3) 
114.9(3) 
110.13 (14) 

123.9 (3) 
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05— Prl— Oil 1 
OIW— Prl— Oil 1 

01— Prl— OH 1 

02— Prl— Oil 1 
02 W— Prl— Oil 1 
07 u — Prl— Oil 1 

06— Prl— Oil 1 
08'"— Pr2— 03 
08 111 — Pr2— 09 

03— Pr2— 09 
08 Ul — Pr2— 03W 
03— Pr2— 03W 
09— Pr2— 03W 
08 111 — Pr2— 04 
03— Pr2— 04 
09— Pr2— 04 
03W— Pr2— 04 
08 Ul — Pr2— 04W 

03— Pr2— 04W 
09— Pr2— 04W 
03W— Pr2— 04W 

04— Pr2— 04W 
08 iu — Pr2— 011 1V 

03— Pr2— 011 1V 
09— Pr2— 011 lv 
03W— Pr2— 011 ,v 

04— Pr2— 011 1V 
04 W— Pr2— 011 ,v 
08 m — Pr2— O10 
03— Pr2— O10 



119.72(13) 
137.50 (16) 
112.07(13) 
66.14(12) 
133.55 (12) 
68.09(12) 
67.40 (12) 
132.12(15) 
66.40(15) 
65.72 (15) 
73.46 (15) 
89.72 (18) 
69.50 (14) 
137.69(15) 
65.69 (14) 
113.85 (14) 
68.22 (15) 
78.30 (16) 
138.94 (15) 
133.26 (13) 
71.82(15) 
73.38 (14) 
134.49 (13) 

85.69 (15) 
139.96 (13) 
141.03 (13) 

74.70 (14) 
86.72 (13) 
79.57 (15) 
79.85 (14) 



Prl— OIW— H1W 
Prl— OIW— H2W 
H1W— OIW— H2W 
Prl— 02W— H3W 
Prl— 02W— H4W 
H3W— 02W— H4W 
Pr2— 03W— H5W 
Pr2— 03W— H6W 
H5W— 03W— H6W 
Pr2— 04W— H7W 
Pr2— 04W— H8W 
H7W— 04W— H8W 
01— CI— 03 

01— CI— C2 

03— CI— C2 

02— C2— 04 
02— C2— CI 

04— C2— CI 

05— C3— 08 

05— C3— C4 

08— C3— C4 

06— C4— 07 

06— C4— C3 

07— C4— C3 

09— C5— 012 

09— C5— C6 
012— C5— C6 

010— C6— Oil 

010— C6— C5 

011— C6— C5 



115.2 

124.0 

120.6 

112.4 

110.8 

125.4 

114.3 

119.4 

112.1 

124.9 

124.9 

109.1 

126.9 (6) 

117.2 (5) 

116.0 (5) 

126.4 (6) 
115.6(5) 
118.0(5) 
125.9(5) 

116.5 (5) 
117.6(5) 
125.7(5) 
116.7(5) 
117.6(5) 

124.6 (5) 
117.4 (5) 
118.0(5) 

127.2 (5) 
115.4 (5) 

117.3 (5) 



012'— Prl— 01— CI 

05— Prl— 01— CI 
OIW— Prl— 01— CI 
02— Prl— 01— CI 
02 W— Prl— 01— CI 
07 u — Prl— 01— CI 

06— Prl— 01— CI 
Oil'— Prl— 01— CI 
012'— Prl— 02— C2 

05— Prl— 02— C2 
OIW— Prl— 02— C2 
01— Prl— 02— C2 
02W— Prl— 02— C2 
07"— Prl— 02— C2 

06— Prl— 02— C2 
Oil 1 — Prl— 02— C2 
08 111 — Pr2— 03— CI 
09— Pr2— 03— CI 



-43.6 (5) 
-141.8(4) 
-103.0(5) 
-15.9 (4) 
164.5 (5) 
86.6 (5) 

114.3 (5) 

31.5 (5) 
171.5 (4) 
132.1 (4) 

86.6 (4) 
13.0 (4) 
13.6(5) 
-53.9 (4) 
-137.1 (4) 
-118.8 (4) 
132.1 (5) 

132.4 (6) 



04W— Pr2— 09— C5 
011 1V — Pr2— 09— C5 
O10— Pr2— 09— C5 
07"'— Pr2— 09— C5 
08 m — Pr2— O10— C6 

03— Pr2— O10— C6 
09— Pr2— O10— C6 
03W— Pr2— O10— C6 

04— Pr2— O10— C6 
04W— Pr2— O10— C6 
011 1V — Pr2— O10— C6 
07 m — Pr2— O10— C6 
Prl— 01— CI— 03 
Prl— 01— CI— C2 
Pr2— 03— CI— 01 
Pr2— 03— CI— C2 
Prl— 02— C2— 04 
Prl— 02— C2— CI 



-146.9 (4) 
29.4 (5) 
-12.7 (4) 
-60.5 (5) 
77.6 (4) 
-58.9 (4) 
8.9 (4) 

21.4 (5) 
-87.1 (5) 
135.4 (4) 
-145.4 (4) 
144.9 (5) 
-163.0(6) 

17.5 (7) 
-176.1 (5) 
3.5 (8) 
170.7 (5) 
-9.8 (7) 
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03 W — Pr2 — 03 — 0 1 


64.9 (5) 


Prz — <J4 — Cz — Oz 


-176.5 (5) 


04 — Pr2 — 03 — C 1 


-1.2 (5) 


Pr2 — 04 — C2 — C 1 


4.0 (7) 


<J4 W — Prz — (J3 — C 1 


3.6 (6) 


0 1 — C 1 — C2 — 02 


-5.0 (8) 


Oil — Prz — (J3 — C 1 


—76.4 (5) 


03 — 01 — 02 — 02 


175.4 (6) 


(J 1 0 — Prz — (J3 — C 1 


1 £i 1 /; \ 
-162.1 (5) 


(J 1 — C 1 — Cz — (J4 


174.6 (5) 


(J7 — rrz — (J3 — C 1 


-123.3 (5) 


03 — 01 — 02 — 04 


C A / A\ 

-5.0 (9) 


(Jo — rrz — <J4 — Lz 


no A / A \ 

— lzo.4 (4) 


Prl — 05 — 03 — 08 


176.5 (5) 


(J3 — rrz — <J4 — Cz 


1 O / A \ 

-1.8 (4) 


Prl — U5 — L3 — C4 


-2.1 (7) 


(J9 — rrz — U4 — Cz 


— 4/.y (3) 


rrz — (Jo — C3 — (Jj 


— 1 / /.6 (J) 


03 W — Pr2 — 04 — C2 


1 A 1 O /f \ 

-101.8 (5) 


Prz — (J o — C3 — L4 


1.0 (7) 


04 W — Pr2 — 04 — Li 


1 "70 /I /C\ 

-178.4 (5) 


Prl — U6 — L4 — (J7 


179.3 (4) 


r\ i 1 iv a„"> /'a yi /~""> 

Oil — Pr2 — 04 — 02 


OA /I / A \ 

90.4 (4) 


Prl — (J 6 — L4 — C3 


A A ( £\ 

0.9 (6) 


0 1 0 — rrz — 04 — Oz 


Z8.9 (0) 


rrl — (J / — C4 — L)6 


8.5 (9) 


/"~\Tiii n ..~> /~"""i 

07 — rr2 — 04 — 02 


137.0 (4) 


Prz — (J7 — L4 — (J6 


175.9 (5) 


012' — Prl — 05 — C3 


85.5 (5) 


Prr — 07 — 04 — 03 


-173.1 (3) 


OIW — Prl — 05 — C3 


174.2 (5) 


Pr2 vl — 07 — 04 — 03 


-5.7 (6) 


(Jl — Prl — Uj — C3 


—146.1 (4) 


Oj — Oi — 04 — Oo 


0.7 (8) 


(J2 — Prl — U5 — C3 


125.0 (4) 


08 — 03 — 04 — 06 


1 TO A f £\ 

-178.0 (6) 


02W — Prl — 05 — C3 


-88.3 (5) 


05 — 03 — 04 — 07 


-177.8 (6) 


07 — Pr 1 — OS — C3 


-46.6 (5) 


O 0 — C3 — C4 — U7 


3.4 (8) 


(Jo — rrl — Uj — C3 


1.8 (4) 


Prz — (JV — Cj — Ulz 


-163.Z (4) 


OH — Prl — 05 — C3 


At f\ SC\ 

41.0 (5) 


Pr2 — 09 — 05 — 06 


15.3 (7) 


012 1 — Prl — Oo — C4 


-76.9 (4) 


T* 1 viii f ^ 1 1 Z"' C /^A 

Pr 1 vl " — 0 1 2 — 05 — 09 


-168.6 (4) 


(J 5 — Pr 1 — (Jo — C4 


1 1 ( A \ 

-1.3 (4) 


Pr 1 — 0 1 z — C5 — L6 


1 T A /T\ 

12.9 (7) 


(J 1 W — Pr 1 — (Jo — C4 


-10.7 (5) 


Prz — (J 1 0 — L6 — (J 1 1 


IT) 1 / /j \ 

173.1 (4) 


0 1 — Pr 1 — O 6 — C4 


120.0 (4) 


Pr2 — 0 1 0 — 06 — 05 


-5.4 (7) 


02 — Pr 1 — Oo — C4 


-126.7 (4) 


Pr2 v " — 0 1 1 — 06 — 0 1 0 


9.0 (9) 


02 W — Pr 1 — Oo — C4 


*7A ^ / /I \ 

70.2 (4) 


Prl — 0 1 1 — O 6 — 0 1 0 


179.4 (5) 


07" Pr1 Clfii Cd 




Pr? vii mi rf, 

LIZ. Wll V^J 




HI 1 ' Prl Ofi C4 

V_y 11 All v_y \ ) V . r 


- 1 44 Q (A\ 


Pr 1 ™ 0 1 1 C6 O 5 

111 V_y l l v V' v. J 




08'"— Pr2— 09— C5 


-102.6(5) 


09— 05— C6— O10 


-6.3 (8) 


03— Pr2— 09— C5 


77.7 (4) 


012— 05— C6— O10 


172.3 (5) 


03W— Pr2— 09— C5 


177.1 (5) 


09— 05— C6— Oil 


175.1 (5) 


04— Pr2— 09— C5 


123.9 (4) 


012— 05— C6— Oil 


-6.4 (8) 


Symmetry codes: (i) x,y+\, z; (i 


i) -x+l,y-\l2, -z+1/2; (iii)x- 


-\,y-\,r, (iv) -x,y+l/2, -z+1/2; (v) -x+ \,y+V2, 


-z+1/2; (vi)Ar+l, y+l.z; 1 



-z+1/2; (viii) x,y-\, z. 



Hydrogen-bond geometry (A, °) 



D — H—A 


D — H 


h-a 


D-A 


D—R-A 


OIW— Hlff-02 1X 


0.85 


2.02 


2.852 (6) 


166 


0\W— H2ff-08 x 


0.85 


2.15 


2.998 (6) 


173 


02W— H3^-04 X1 


0.85 


2.40 


2.998 (6) 


128 


02W— H4^-06 il 


0.85 


2.01 


2.792 (6) 


152 


03 )T— H5^-012 x,i 


0.85 


1.97 


2.780 (6) 


158 


03 ff— H6ff-03 x " 


0.85 


2.60 


3.379 (7) 


154 


04W— H7ff-01 X1 " 


0.85 


2.16 


2.865 (6) 


140 


04 ff— H8fF-09 xii 


0.85 


2.04 


2.882 (6) 


169 


Symmetry codes: (ii) -x+1, y-1/2, 


-z+1/2; (ix) x+1/2, -y+3/2, -z; (x) x-1/2, 


-7+3/2, -z; (xi)x+l,y, 


z;(xii)x-l/2,-y+l/2, 


-z; (xiii) x-\,y, z. 
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